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Method
The software for the production of METCM type information from climatological mean and standard deviation (SD) data closely follows that developed earlier for generating METCMs and other meteorological messages from radiosonde data as well as from other sources such as numerical model based soundings. Cogan and Jameson 2 describe the main software routines, though certain ones have been modified since then. In particular, the code for ingest of input data was rewritten as was the code for producing the new forms of output. In addition algorithms were devised and coded to input and appropriately process SDs of the several variables. The program essentially treats the climate-based profiles as input to the routines for computing weighted mean values by zone (layer) in much the same way as input data from other sources. It also computes weighted mean values of the SDs by zone (layer) in a similar manner. 
where X is any variable (e.g., temperature), Z is height, and n-1, n, and n+1 indicate the value at the level immediately below, at, and immediately above the level of interest.
Figure 1 provides a sketch that illustrates the basic algorithm for computing the layer or zone weighted or integrated average values from a vertical profile of the meteorological variables where the zone boundary values have been computed. A mean value is computed for each sublayer as defined by the data points and the zone boundaries. The layer mean is the weighted or integrated mean of the sub-layers. For the surface (zone 0), the "mean values" are the surface values. The program will generate appropriate output if at least two input data levels are available, one of which has to be the surface. Frequently, climatological and sounding heights are stated as above mean sea level (MSL), but the program will produce values for heights above ground level (AGL) using the site elevation. We set a maximum of 4000 levels that is more than adequate for climatological data or the real radiosonde soundings used as input in other versions of the program.
A user-selected number of SDs are added or subtracted to or from the mean values of one or more variables to produce new soundings that represent more extreme cases. For example, a fire control system would compute longer artillery ranges when the wind speed in the direction of fire increased by N * SD w , where the subscript w denotes wind speed and where N represents some number greater than zero. A decrease in density could occur if temperature increased by N* SD t (where the subscript t denotes temperature) and pressure remained the same, or if pressure decreased by N* SD p (where the subscript p denotes pressure) with temperature the same. Since the input has the data levels based on standard pressure levels as well as the mean surface pressure, we converted SDs of height into SDs of pressure using the data provided. Also, the climate-based SD of density was provided in the input files, so that quantity was not computed. Since virtual temperature (T v ) is not listed in the climatological data files, we calculated it using the mean temperatures and mean relative humidities. The values of T v as increased by some multiple of the SD were computed using the mean values of T v and pressure, and the sum of the SD of relative humidity (RH) and the respective mean RH values. If the sum exceeded 100% the value was set at 100%. The output routine generates tables of measured variables (e.g., temperature) and computed quantities (e.g., virtual temperature). Section 3 provides some examples of the input and output files. . The values at the zone boundaries were computed as noted in the text. Since Zone 2 contained no data, the mean is an average of the values at the zone boundaries and is the same as the sub-layer value (dashed red line overlying solid blue line designating the sub-layer).
The input file of climatological vertical profiles did not have the SD of pressure and it could not be computed from the SD of height at the surface since that is always 0. Consequently, we later obtained a file of climatological surface station data containing surface pressure means and SDs by month and season for each site. The relevant values were extracted and used to modify the SDs of pressure for zones 0 and 1. Modification of the zone 1 value was required since the mean SD of pressure for that zone included the lower boundary value, which is the original surface value of 0. The modified pressure SD for zone 1 was interpolated from the revised surface SD from the surface data file and the mean SD for zone 2. The surface station means and SDs are derived from data taken every hour versus every 12 h for the soundings used for the vertical profiles. Nevertheless, the mean pressures should be very close as suggested by the data as well as the SDs. The new interpolated SD for zone 1 (100 m midpoint) using the "new" surface value is closer to reality than the former one that included a surface SD of 0. Section 3 also includes a sample of output with the revised SDs of pressure. The appendix contains a brief guide for running the program as used for this report, both for the basic and modified forms.
Input and Output
The input files of vertical profiles of climatological means and SDs for the several variables and the files of surface pressure SDs were prepared by personnel of the 14 th Weather Squadron (Zautner, private communication, 2013 ) of the U.S. Air Force in Ashville, NC. The input routines used in the program were modified to accept the various file formats that were produced. Most of the climatological files contained the same type of information, but here we present the latest and most common one used.
The input text files contain headers having information on the selected site, label the columns, and define the units of the mean and SD of the several variables. Each output file contains the baseline message, which has the METCM zones, but is not in the usual METCM format. The units of the variables are different and additional variables are listed. The first column has the METCM zones followed by a column with the respective midpoint heights. The tables that follow the baseline consist of similar messages with one or more of the variables having a multiple of the relevant SD added or subtracted to or from the baseline values. The SDs for the several variables are listed in a table at the end of the file. Table 2 shows a sample of the baseline "message" from one output file for the same location and month (April) as the sample input. The last listing (table 7) in each output file contains the input SD for each of the variables for each zone or layer and the surface. SD of pressure is not in the input files, but is computed using the SD of height. The surface height (elevation) does not change, meaning that the SD of height is 0 and consequently the computed SD of pressure is 0. The value for zone 1 uses the value for the surface in the computation of the mean value and therefore is too low. Table 7 . Standard deviations for zones 0-15 used in the generation of the output "message" files. WS = wind speed, Temp = temperature, Dens = density, Hum = relative humidity, and P = pressure. The zone midpoint heights are listed, but not the zone numbers. SD P computed using the SD of height. In the revised version of the program, we extracted the SD of the surface pressure from files of climatological surface data supplied by the 14 th Weather Squadron and used the relevant value for the surface and an interpolated SD for zone 1 using the surface value and the value computed as before for zone 2. Table 8 presents output for Norman, OK, for 2*SD of pressure. Table 9 has the SDs of the several variables as in table 7, but the pressure values for zone 0 (surface) and 1 are modified as noted above and in section 2. Table 9 . Standard deviations for zones 0-15 used in the generation of the output "message" files for Norman, OK. WS = wind speed, Temp = temperature, Dens = density, Hum = relative humidity, and P = pressure. The zone midpoint heights are listed, but not the zone numbers. The pressure value for height 0 was taken from the respective surface data file and re-computed for the layer immediately above (midpoint of 100 m). SD P computed using the SD of height for zones 2 and above. See text for zones 0 and 1.
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Conclusion
The computation of METCM information from climatological vertical profile data that include SDs of the several variables will allow the user to generate appropriate scenarios for simulated firing solutions. These solutions may be used to help assess safety zones on national ranges for artillery and related applications. In this report, we generated messages with changes of one or two SDs of the relevant variables. More extreme conditions may be simulated using a larger multiple of the SDs. For example, a multiplier (N) of 3.09 would provide about a 0.1% chance of wind speed exceeding a value equal to the mean plus N * wind speed SD. The program is designed to handle multipliers of 0 < N < 10, so any feasible extreme may be computed.
Appendix. Short Guide to Generating METCM Output from Climatological Sounding Data
This appendix presents a very short guide to running the two versions of the program for generation of METCM type output from climatological sounding data, putting them in a tabular format, and producing messages with SDs added or subtracted to wind speed, density, temperature (and/or) virtual temperature, and pressure.
This brief guide only lists the steps to run the programs for the purpose noted above, and only for the version that does not use a parameter file for the SD multiplier (defined below) and uses 14th Weather Squadron climate files. It has SDs of height (vs. SD of pressure) as well as for the other variables, including SDs of wind speed, relative humidity, u, v components of the wind, and density.
There are two versions. Steps for generation of output files for the latest version follow:
b. The main output file contains the baseline message, messages with + or -a multiple of the SDs added or subtracted to the means for one or more of the variables, and the SDs used as input. A second output file contains the baseline message with additional header information.
c. Both "convertexcalmost2" and "convertexcalmost3" read in the mean and SD values and convert the climatological sounding into a message with a METCM type format, and produce messages with the SDs added/subtracted to/from the message values for the appropriate variables. Compile using ./ccmsg_excalmost2 or ./ccmsg_excalmost3, respectively.
d. The main output file has _CLIMO_xSD added to the input file name, where x is a number 0 < x < 10.
e. The basic version has a surface (zone 0) pressure SD of 0 since the SD of height is 0 at the surface. The value for zone 1 is too low since the computation of the value for that zone includes the surface value. The latest version obtains the surface (zone 0) value from a separate file that contains the SD of surface pressure by month and season. The value for zone 1 is computed using the revised surface value and the pressure SD for zone 2. 
